In this note we reply to the criticisms by Krogh concerning some aspects of the recent frame-dragging test performed by Iorio with the Mars Global Surveyor (MGS) spacecraft in the gravitational field of Mars.
Introduction
The remarks by Krogh (2007) to the analysis by Iorio (2007) concern with I) The observable used: Iorio (2007) As we will show below, the criticisms by Krogh (2007) are, in fact, not sound and do not undermine the validity of the gravitomagnetic interpretation by Iorio (2007) of the MGS data.
Our reply
I) The entire MGS data set was subdivided by Konopliv et al. (2006) in smaller time intervals of data called arcs, not to be confused with three-dimensional spatial portions of trajectory, as it seems Krogh (2007) did. For MGS, the lengths of the arcs vary from 4 to 6 days, so to cover many orbital revolutions (2 h). For each arc, the spacecraft position and the velocity were estimated and used as starting point for a numerical propagation of the satellite motion by means of the dynamical models which, in the case of MGS, did not include the general relativistic gravitomagnetic force. Contiguous arcs were overlapped by an amount of just 2 h, i.e. one orbital revolution, and the RMS spacecraft position difference among the predicted positions propagated from the estimated ones in the previous arc and the estimated positions of the subsequent arc was computed. Since the arc overlaps cover just one orbit, such RMS differences, in fact, account for any un-modelled/mis-modelled forces yielding secular, i.e. averaged over one orbital revolution, effects, whatever their physical origin may be. Indeed, RMS of orbit solution overlaps are commonly used in satellite geodesy as useful and significant indicators of the overall orbit accuracy (Tapley et al. 2004 ). Conversely, they are also used to gain information about systematic errors coming from inaccurate modelling of the forces acting on the spacecraft. For details see (Tapley et al. 2004 ). Of course, such a technique is insensitive to short-period effects, i.e. having frequencies higher than the orbital one: only dynamical features of motion with timescales equal to, or larger than one orbital period can be sensed by such orbit overlap differences. Moreover, the average orbit error ∆N diff of about 1.6 m does not refer to this or that particular arc overlap; instead, it comes from the mean of the entire set of RMS orbit overlap differences for the chosen time span ∆P and is well representative of those un-modelled/mis-modelled forces yielding effects which do not average out over ∆P , as it is just the case of the Lense-Thirring signal. Time-varying patterns exhibiting well-defined periodicities are, instead, mainly averaged out yielding little or no contribution to the average orbit error. Incidentally, from the above discussion about the meaning of the average orbit error, it should be apparent that it does not make sense to look for the error of the error, as, instead, seemingly required by Krogh (2007) III) In regard to the choice of the data, we did not assembled an ad − hoc patchwork of cut-and-paste data sets just to obtain a graceful result: our data set is continuous, smooth, without more or less ad − hoc breaks. We simply decided to discard the first portion of data because more affected by various spurious effects (non-gravitational perturbations, orbital maneuvers, high gain antenna deployment) which would have, otherwise, introduced a ≈ 15% bias, i.e. we simply chosen the optimal experimental conditions to enhance the signal-to-noise ratio.
We cannot see anything strange in that.
IV) In regard to the assessment of the impact of the atmospheric drag on the cross-track portion of the orbit of MGS, let us note that it requires not only to consider the node Ω, as apparently claimed by Krogh (2007) , but also the inclination i according to (Christodoulidis et al. 1988 )
According to, e.g., (Milani et al. 1987) , the perturbing acceleration A drag due to the atmospheric drag can be cast into the form
where S/M is the spacecraft cross sectional area (perpendicular to the velocity) divided by its mass, C D is the drag coefficient, ρ is the atmospheric density (assumed to be constant over one orbital revolution), v is the satellite velocity in a planetocentric, non-rotating frame of reference and Z is a corrective coefficient accounting for the fact that the atmosphere is not at rest, but rotates with angular velocity ω A more or less rigidly with the planet; Z ≈ 1 for polar orbits (Milani et al. 1987 ). While the secular, i.e. averaged over one orbital period T , drag shift on the node vanishes, it is not so for the inclination: indeed, it turns out (Milani et al. 1987) ∆i
where n = GM/a 3 is the Keplerian mean motion. As a result, the orbital plane tends to approach the planet's equator; the terms in brackets is the ratio of the drag force to the Newtonian monopole. As usual in perturbation theory, a is meant as evaluated on the unperturbed reference ellipse. Thus, the out-of-plane drag shift is from eq.
In the following we will assume that ω A ≈ ω Mars = 7.10 × 10 −5 s −1 .
Let us see what happens if A drag is of the same order of magnitude of the gravitomagnetic force exerted by Mars on MGS, i.e. ≈ 10 −11 m s −2 . This approximation is reasonable and conservative not only because it defines a natural threshold after which the Lense-Thirring force is swamped by the drag, but also since the empirical cross-track accelerations (larger than the out-of-plane ones) fitted by Konopliv et al. (2007) have just such a magnitude. It turns out that
a value far too small to be detected by the MGS RMS overlap differences which, instead, are capable to appreciate ≈ 10 −2 m at most. Last but not least, Konopliv et al. (2007) did model the atmospheric drag.
